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ABSTRACT 
Approximately 35,000 children are born in the US each year with Congenital Heart Disease (CHD). 
Surgical timing for many of these conditions is elective, and the distribution of surgical cases, 
therefore, varies with time of year.  The hypothesis of this project is that time of the year for 
surgery is associated with mortality, length of hospital stay (LOS), and total hospital costs.  A 
retrospective, cohort study was performed, using the Pediatric Health Information Systems (PHIS) 
Database to investigate these relationships. 
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INTRODUCTION 
The goal of this project is to determine if the month of the year for Congenital Heart 
Disease (CHD) Surgery has an effect on mortality, length of stay and total hospital costs. The 
main variables of this study are mortality, number of days between surgery and hospital 
discharge and the total hospital cost (which has been adjusted for inflation to 2014 CPI). 
Looking at the other variables besides mortality allows this research study to assess a more 
accurate depiction of surgical outcome.  The patients used in the study had Congenital Heart 
Disease Surgery of RACHS 1-6 ( Risk Adjusted for Congenital Heart Surgery) as stated by 
the Pediatric Health Information System (PHIS). 
According to the Center for Disease Control (CDC) Congenital Heart Defects are 
defects that are present at birth and affect both the structure and functionality of the heart. 
These defects can affect the heart in many different ways. The type of CHD impacts the life 
of the individual and the surgery necessary to fix the problem [8]. According to the American 
Heart Association (AHA) there are risks associated with both the disease and surgery. 
However, there have been many medical advances allowing CHD patients to live well into 
adulthood. Depending on the type of CHD, the symptoms, diagnosis, care and treatment of 
the individual varies [9]. According to the National Institute of Health, Congenital Heart 
Disease is the most common type of birth defect and causes more deaths in newborns than 
any other defect. There are two main categories of CHD, cyanotic and non-cyanotic. Cyanotic 
means that a lack of oxygen has caused blue skin color. There are also many subcategories 
within each of these. Individuals can have one or multiple CHDs from the different categories 
[10]. The surgery needed to correct the defects has a score associated with it based on the 
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complexity of the surgery. This is the RACH score or risk adjustment for surgery for 
congenital heart score. This score is 1 through 6. A score of 1 has a smaller likelihood of 
mortality than a score of 6 [18]. 
The purpose of this research study is to provide additional information to parents when 
they are faced with the question of when to schedule their children’s surgery for Congenital 
Heart Disease. This type of research may provide invaluable information to help many parents 
gain confidence in their decision for scheduling Congenital Heart Disease Surgery for their 
child. This retrospective cohort research study has the objectives of determining how 
seasonality affects surgical outcome as well as how individual months correlate to surgical 
outcome. The data contains information on 107,171 patients. No existing research currently 
published studies this exact question. 
The variables involved in this study includes many co-morbid conditions. Co-morbid 
conditions are disease or disorders that accompany a primary disease or defect. For example a 
co-morbid renal condition would mean chronic renal problems on top of the main disease or 
defect. For purposes of this study, the primary condition is CHD and the possible co-morbid 
conditions are hematologic or immunologic, malignancy, extracorporeal membrane oxygen 
machine, respiratory, renal, neuromuscular, gastrointestinal, and metabolic and other 
congenital or genetic defects.  
The other variables involved are age, gender, if the patient had insurance or not, the 
region that the hospital is located in, the patients RACH score (this is a score given by PHIS 
to rank the type of surgery by its risk) and the month that the patient had surgery. While this 
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study focuses on pediatric patients, it also contains patients of all ages who were first 
diagnosed with CHD as Pediatric Patients.  
This project looks specifically at whether the month of surgery could impact the 
surgical outcome. The medical profession considers seasonality as a factor worth studying. 
Seasonality is known to affect all surgeries and procedures, it is not specific to congenital 
heart disease. One study showed that patients who were admitted towards the end of the year 
tended to have more complications than those admitted in earlier months. This correlation was 
stronger than that of how many patients the medical team worked with [3]. Another study 
looked at the academic cycle and its impact on cardiac surgical outcomes. Every year, a new 
batch of doctors starts practicing medicine. This occurs in July and has caused what is 
referred to as the July effect. July tends to have worse surgical outcomes due to the lack of 
experience of these new doctors [4]. Another article that discusses the July effect studied 
internal medicine and how seasonality is a trend in many treatments. The academic year is a 
strong indication of how the month of surgery can impact the outcome [5]. Another study of 
the July effect by the Harvard Medical School found that there is much data in support of the 
July effect [23]. Another seasonality effect shows peaks in summer months and declines in 
winter months of deaths, which can be due to both environmental and genetic links. This 
could mean that virus or contagions in the air affect the surgical outcome or that genetic 
predispositions affect the recovery time. This data was based on one heart defect. It is 
unknown if similar patterns would appear in other defects or other types of surgical correction 
[12]. 
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In recent years, screening with a variety of methods has become more prevalent. 
Recognizing that individuals are diagnosed with CHD and scheduling them to have surgery 
earlier provides them with a better chance at a longer life. Looking at data, it is clear that there 
has been an increase in the number of screenings, because many hospitals have made 
screening for CHD routine. This screening protocol has increased how quickly CHD is 
diagnosed in newborns, which leads to a better chance of having surgery earlier in life in 
order to prevent problems as patients grow up [1]. A study discusses routine prenatal 
screening for CHD using ultra sounds. This allows for parents to have more information about 
their fetus. This study showed how understanding potential complications of the fetus leads to 
a change in the number of births with Congenital Heart Disease [7]. Another study about 
prenatal diagnosis of CHD looked at the birth outcome of these cases and the effect on 
mortality. It shows an association between CHD and early birth. Gestation time and the 
correlation between individuals with CHD and their prematurity was also considered [20]. An 
article looked at the prevalence of CHD in children and adults from 1985 to 2000. This study 
found that the prevalence of the disease increased in both populations during that time period, 
which may be due to the advanced screening procedures. Advanced medical technology may 
account for an increase in the number of diagnosed cases. The heart number of anomalies that 
are able to be screened for prenatally and then surgically corrected have increased as this 
surgery is commonly available [21]. 
Many studies examine the after effects of surgery. One such study found that there is a 
significantly reduced mortality in those patients who underwent surgery and details the 
corrective work that surgery can achieve and the resulting positive outcomes [2]. A different 
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study discusses the long term outcomes for children with CHD by researching the morbidity 
rates of children with CHD. This study looked specifically at the correlation of morbidity with 
surgery.  This study was done over the time period of 1997 until 2011 and showed that there 
were very consistent outcomes over this time period for ages 0-17. This study also took into 
account other diseases or disorders that might impact the mortality of the children. The long 
term effect was that surgery showed positive benefits [26]. 
According to the National Heart Lung and Blood Institute there are 35,000 CHD births 
every year in the United States [30]. An article examines the rate of Congenital Heart Disease 
affecting the population. There are various forms of CHD, and other factors besides the risk of 
the surgery and type of defect that correlate with surgical outcome [15]. Studies have looked 
at the number of births with CHD and assessed it by race, ethnicity and other demographic 
factors. Studies have also looked at patient care and treatment to see how the having CHD 
affects the patients’ quality of life. [24]. According to a different study many more CHD 
births are surviving to adulthood. There are many US cardiologists who take on many cases of 
varying degrees.  Many patients born with CHD continue with their cardiologists well into 
their adult lives [16]. There is still a burden associated with CHD, due to risk factors. An 
epidemiological evaluation found a high correlation between mortality and certain races and 
ethnicities. Clustering the data by race found a strong correlation between race and surgical 
outcomes [6]. 
Variables that are studied when doing regression for surgical outcomes involve the 
main variables of interest; these are the variables that explain surgical outcome, for the 
purposes of this study that is mortality, cost, and length of stay. The other variables in the 
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regression analysis for purposes of this study are the variables that can lead to an explanation 
of surgical outcome. For example data including socioeconomic information. Different 
socioeconomic backgrounds have been found to correlate with different survival rates in 
infants with CHD [19]. Other variables used would include demographic information. There 
have been studies on the surviving populations of adults with CHD, which involve looking at 
the demographics worldwide. The quality of life among these patients may differ due to 
demographic factors and affluence [25].  
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METHODS 
 Data for this study was obtained from 107,171 patients from the Pediatric Health 
Information System (PHIS), an administrative database that contains inpatient, emergency 
department, ambulatory surgery, and observation encounter-level data from over 45 not-for-
profit, tertiary care pediatric hospitals in the United States. These hospitals are affiliated with 
the Children’s Hospital Association (Overland Park, KS). Data quality and reliability are 
assured through a joint effort between the Children’s Hospital Association and participating 
hospitals. Portions of the data submission and data quality processes for the PHIS database are 
managed by Truven Health Analytics (Ann Arbor, MI). For the purpose of external 
benchmarking, participating hospitals provide discharge/encounter data including 
demographics, diagnoses and procedures. Nearly all of these hospitals also submit resource 
utilization data (e.g. pharmaceuticals, imaging and laboratory) into PHIS. Data are de-
identified at the time of the data submission, and the data is subjected to a number of 
reliability and validity checks before being included in the database. This study used data 
from 44 hospitals in the United States. All children who underwent Congenital Heart Surgery 
between January 1, 2004 and January 1, 2014 were included in the study.  Congenital heart 
surgery is defined as a Risk Adjustment in Congenital Heart Surgery (RACHS-1) score of 1-6 
(categories defined previously by International Classification of Diseases-9 coding). The 
RACHS score is used to categorize the different types of surgery, based on the defect, into 
how risky the surgery is.  
There were three main outcomes for this research study. The first was in-hospital 
mortality. The second was total inpatient hospital cost adjusted to 2014 using the medical 
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consumer price index. The third was total length of stay in hospital including time in ICU. 
The focus of this study was time of year; meaning a comparison of months. Other data points 
studied were considered were gender, hospital region (West South Central, New England, 
Mid Atlantic, South Atlantic, West North Central, Mountain, Pacific, East North Central), 
insurance type, age at admission, major co-morbid conditions, and RACHS-1 score. All 
acronyms used are in appendix A, and a list of variables is found in appendix B. The surgeries 
under each RACHS category are listed in appendix C.  These variables were used because the 
CDC data and statistics site has these variables in relation to CHD, which had the means and 
percentiles for many of these variables in regard to heart disease for the country [11]. 
         Data was described using standard summary statistics. Summary Statistics include 
mean, median, mode and percentiles. The summary statistics are used to understand the data 
and see if it follows a standard normal distribution, also known as a normal curve or bell 
curve. The knowledge of the summary statistics of the variables leads to a better 
understanding of the data.  After the data is understood, regression analysis, a statistical 
method for estimating relationships between variables, is used. This project used three 
regression equations; one for each dependent variable. Linear regression is used for the 
variable of cost and length of stay. These variables are quantitative. However these variables 
were not normally distributed. This was due to the right-skewed nature of the data; this means 
that the data was mostly on the left side with a long tail on the right. It was not a normal bell 
shaped curve, which would be symmetrical data. A bell curve goes up, peaks and then comes 
down and the amount of data points before the peak should be the same as the amount after 
the peak. The variables cost and length of stay did not have symmetry on either side of their 
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peaks. Their curves went up peaked quickly and then had a lot of data points before it came 
down. A transformation was needed to standardize the distribution of the observations. The 
regression is done on the log transformed data, after the regression has output. The coefficient 
of parameter estimates must be back transformed for ease of interpretation. Mortality is not a 
quantitative variable and linear regression could not work. Mortality is a binary variable 
meaning that it is either yes or no. For this type of variable, a logistic regression is used. The 
output of a logistic regression used an odds ratio for ease of interpretation. An odds ratio is a 
number that measures the association between the exposure and the outcome.  This means that 
for each variable, a 1 unit increase in that variable will cause X time more likely for mortality.  
[13]. A p value of .05 was used as significant in the analysis. Using an alpha value of .05 is 
standard in many statistical studies. This means that if the p value is below .05 the variable is 
significant. For each variable used in the analysis the statistical test used was based on the 
quantitative or qualitative nature of the independent and dependent variables. Quantitative 
data are variables that have interval numbers, while qualitative data are variables that are a 
name or in an order. There were three model equations used in order to satisfy these demands 
[14]. A statistical software package, SAS 9.4, was used to perform this analysis. 
The variables used in this project were mortality, length of stay, hospital cost, age, 
gender, region, payment type, comorbid conditions, RACH score, and month of surgery. The 
binary variables were treated as 1 or 0 with 1 meaning yes and 0 meaning no. The co-morbid 
conditions were all treated as binary variables indicating that the patient had or did not have 
the condition. For gender, 2 was chosen for female and 1 was chosen for male. Length of stay 
was in total number of days from admission to discharge. Hospital cost was the total cost for 
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the hospital adjusted to the 2014 CPI. The age was recorded in years. The region used a 
dummy variable with the country broken up into eight regions. Payment type was a binary 
variable on whether or not the patient had insurance. RACHS is listed as 1 through 6 and was 
treated as a dummy variable compared with RACHS 1. The month of surgery was converted 
to dummy variables and all months are compared with December. Dummy variables indicate 
if the patient was yes or no for the variable of interest; for months this would be yes or not to 
January, February and so on and so forth. The variable of interest is split up into each of its 
levels which are then all used as dummy variables. For January the patients who had surgery 
in January would have a 1 and all else would have a zero. Each month was analyzed in the 
same identification. 
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RESULTS 
 The beginning output from this project was summary statistics of this data. These 
numbers showed that there are almost 10% more males than females [Fig. 1].  The 
distribution of age for these surgeries is not equal amongst all ages [Fig. 2]. The distribution 
of surgeries over the months is not equal either. June, July and August by far have the most 
surgeries [Fig. 3]. This may be due to children having summer breaks, and their parents 
deciding that it would be best for them to have surgery when school is not in session. The 
majority of RACH scores are 2 and 3 [Fig. 4], and only a negligible amount at 5. As for 
mortality, 3% of the patients are discharged post mortem.   
 
 A correlation matrix shows how all of the variables relate [Fig. 5]. The correlation 
here is color coordinated showing the negative and positive correlations. The red shows a 
positive correlation and the blue is a negative. The deeper the color the stronger the 
correlation. There is also a correlation matrix showing the p values [Fig. 6]. This matrix uses 
lighter shades to represent a lower p value. Another correlation matrix also uses lighter shades 
to represent lower p value, but it has the p values that are greater than .05 and therefore not 
significant to be shown in gray [Fig. 7]. That way it is easier to see which ones were 
significant. The last correlation matrix is of the correlations and also uses red (positive) and 
blue (negative) to distinguish between positive and negative. This matrix also uses deeper 
colors to represent stronger correlations. In addition the correlations that are not significant 
again shown in gray [Fig. 8]. This matrix makes it easy to see which values are significant, if 
the correlation is positive or negative and how strong the correlation is. It is important to 
understand how and if the variables correlate because strong correlation could impact the 
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outcome of the regression analysis. Even though there are statistically significant correlations, 
none of them were very strong. Therefore there are no strong relationships between these 
variables and the outcome of the regression analysis will not be altered.  
 
 The results of this project are from the three regression equations. The equations are 
shown below. Equation 1 is for length of stay, equation 2 is for mortality and equation three is 
for cost.  
 
Ln (length of stay)=3.25178-.03(age)-.02(gender)+.01(payment type) +.35671(hematologic 
orimmunologic)+.37(malignancy)+.79(ECMO)+.86(respiratory)+.46(renal)+.445(neuromusc
ular)+.69(gastrointestinal) +.57(metabolic)+.07(other congenital or genetic 
defects)+.178(West South Central) -.07(South Atlantic) -.04(New England) - .08 (Mid 
Atlantic) -.017(East North Central) -.1 (West North Central) -.06(Mountain) -.022(Pacific)-
1.57(RACHS1)-1.1(RACHS2)-.07(RACHS3)-.68(RACHS4)-.06(RACHS5)-
.02(January)+.00663(February)-.04686(March)-.06(April)-.08199(May)-.11228(June)-
.108(July)-.07(August))-.02(September)-.05(October)-.04(November) 
 
Mortality = -2.1 –.0211(age)+.085(gender)-.403(payment type) + .2721(hematologic or 
immunologic) + .2639(malignancy) +3.3499(ECMO) +.8871(respiratory) + .5861(renal) + 
.6516 (neuromuscular) + .9401(gastrointestinal) + .7514 (metabolic) + other congenital or 
genetic defect) - .056(West south central) -.0626 (South Atlantic) -.5517 (New England) -
.1915( Mid Atlantic) -.3066 (East North Central) -.041 (West North Central) -.2004 
(Mountain) -.1781 (Pacific) -2.215 (RACHS1) -1.96(RACHS2) -1.188(RACHS3)-
1 
2 
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.7166(RACHS4) + .0776(RACHS5) -.1047(January) -.00764(February) -.1461(March) -
.1184(April) -.234(May) -.155(June)-.185(July)-.1679(August)-.1198(September) -
.2448(October) -.1599(November)  
  
 
Ln(Cost)=11.725-.01(age)-.02(gender)+.02(payment type)+.37(hematologic or immunologic) 
+.26(malignancy)+1.11(ecmo)+.66(respiratory)+.35(renal)+.358(neuromuscular)+.54(gastroi
ntestinal)+.46(metabolic)+.05(other congenital or genetic defect) +.3(west south central) 
+.09(South Atlantic)-.2466((Mid Atlantic) +.168(East North Central) +.061(West North 
Central) +.2913(Pacific)-.05(Mountain)-1.44(RACHS1) -1.03(RACHS2)-.7(RACHS3)-
.656(RACHS4)-.01(RACHS5)-.011(January)+.00141(February)-.05(March)-.05(April)-
.07754(May)-.09(June)-.068(July)-.04(August)-.019(September)-.02(October)-
.02(November)  
Appendix D shows the output from SAS for the regression equation for length of stay, 
Appendix E shows the output from SAS for the regression equation for cost. Appendix F 
shows the output from SAS for the regression equation for mortality.  
The regression for cost had an overall model output that was significant, the p value 
was <.0001. The residual plot for cost shows that overall, the model can be used for predictive 
purposes [Fig. 9].  A graph to depict cost provides a visual for how cost is distributed using 
percentiles [Fig. 10]. Using .05 as an alpha value, the months that were significant were 
January, February, March, August, September, October, November and December. 
3 
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Something else to note is that RACHS5 is not significant. However this may just be due to the 
fact that there are so few observations in that category.  
 
The regression for length of stay had an overall model output that was significant, the 
p value was <.0001. The residual plots for length of stay shows that the overall model can be 
used for predictive purposes [Fig. 11]. A graph to depict length of stay shows how the length 
of stay is distributed amongst the patients [Fig. 12]. Using .05 as an alpha value the months 
that were significant were January, February, March, May, June, September, October, 
November, December. Also of note is that two of the regions were not significant, while the 
rest were. On top of that RACHS 5 was also not significant.  
 
The logistic regression for mortality had a significant overall model with p value of <.0001. 
Figure 13 shows predictive plots for mortality regression. Figure 14 shows a graph to depict 
mortality.  Using an alpha value of .05 the months that were significant were May and 
October. Six of the eight regions were not significant.  Malignancy and RACHS 5 are not 
significant.  
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DISCUSSION  
 There is no exact pattern between the three regression equations and the months. The 
output from each of the regression equations showed different months being significant. There 
is a difference between significance and meaningful. Not all of the significant variables are 
meaningful. For example, a month could be significant for length of stay, but if the length of 
stay only increases by a few hours then it is not meaningful. For the regression on the log 
transformed variables, it is necessary to look at the back transformed values to see how much 
the independent variables affects the dependent variable. The transformed data is in appendix 
G for length of stay and appendix H for cost. The amount of affect is the important piece from 
the output.  
 While the significant variables are plentiful in the regression outputs; the meaningful 
variables are less bountiful. For example the regression on the log of length of stay has 31 
significant variables, but not all of them are meaningful. The demographic variables of age, 
gender and payment type explain a bit about the patients. These variables are all statistically 
significant for length of stay. However their effect on the days spent in the hospital is not very 
large. For example if a patient has insurance their time spent in the hospital is 1% greater than 
that of a patient who does not have insurance. 1% is not very large considering that the 
average length of time in the hospital is around 17 days; adding 1% more does not even equal 
an extra day. Age and gender also showed small percent changes at -3 and -2 respectively. 
However all of the co-morbid conditions were statistically significant and had relatively large 
effect on the length of stay in hospital. Respiratory had the greatest effect at 136% more time 
spent in hospital if the patient had a respiratory condition. All of the co-morbid conditions had 
a different effect size, but as might be guessed having these conditions did impact the 
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recovery time by extending it. Regions were also impactful. Only East North Central and 
Pacific were not statistically significant. West South Central appears to have patients stay the 
longest with a 19% more for length of stay.   West North Central had patients stay the shortest 
amount of time with 10% less days spent in hospital. South Atlantic, New England, Mid 
Atlantic and Mountain regions all had a negative effect on length of stay and therefore are 
regions in which patients have shorter recovery times. The RACHS score also followed an 
intuitive path. The RACHS Score were compared RACHS 6. RACHS 5 was not significant, 
but this may be due to the small sample size. The other RACHS Score all had much less 
recovery time than RACHS 6, seeing as how RACHS 6 has the most complicated surgery this 
is unsurprising. In fact the RACHS score impact on length of stay is exactly as expected based 
on the complication associated with each surgery. The months of the year were compared 
with December. February and September were not significant. However, this means that they 
are not statistically different from December, not that their results are insignificant. The rest 
of the months were significantly different from December, and they all had a negative impact 
on length of stay. Therefore December by comparison is the worst time to have surgery, 
February and September would also be bad. January has the smallest impact at a mere 2% 
less. The months with the shortest length of stay were June and July. Therefore these months 
are the best time to have surgery. This begins a pattern of winter months being worse than 
summer months based on surgical outcome. The fall and spring months are relatively similar. 
October and November are at a -5 and -4 percent and March and April are at -5 and -6 
percent. This shows that fall and spring seem similar to each other and in between winter and 
summer.  
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 As for hospital cost, the regression output is fairly similar. There are 32 significant 
variables. Cost showed similar outcomes to length of stay. For example the three demographic 
variables used, age, gender and if the patient had insurance were all statistically significant 
and yet had very little actual effect. For example if the patient had insurance their cost would 
be 2% greater than a patient without insurance. Age and gender were at -1 and -2 percent 
respectively.  This shows that these variables effect cost and length similarly. As with length 
of stay, cost was also effected by all of the co-morbid conditions. Extra Corporeal Membrane 
Oxygenation machine had the largest effect at a 203% increase. The other co-morbid 
conditions all showed an increase in the total cost and had similar percent increases as with 
length of stay. For example the patients with hematologic or immunologic conditions spend 
43% more days in the hospital and their total cost is 43% more than patients without these 
conditions. All of the regions were statistically significant in regards to cost. The region that 
had the largest impact was West South Central with 35% more cost. This was also the worst 
region in regards to length of stay. Mid Atlantic, New England and Mountain regions had the 
least cost associated with them. RACHS Score also followed a very similar outcome in cost as 
in length of stay. All of the RACHS score were compared with a score of 6 and a score of 5 
was the only non-significant one. The other RACHS Score followed an intuitive pattern of the 
least serious surgery being the least costly and the most serious being the most costly. The 
months again followed a similar pattern in both length of stay and cost. All months were 
compared with December and January, February and September were not significantly 
different from December. These are the worst months to have surgery in. The best months for 
surgery would be May, June and July at a 7% less cost, 9 % less cost, and 7 % less cost. This 
also shows that winter months are a worse time than summer months to have CHD surgery.  
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As for the logistic regression on mortality. A pattern of many variables being 
significant, but the difference not being very meaningful is seen again. Odds ratios were used 
for how the variables related to mortality, most of the variables had odds of around 1. The 
odds ratios are shown in appendix I. There were some variables that were surprising and 
unexpected. For example a patient who is on an ECMO machine is 28 times more likely to die 
than one who is not. This was by far the largest odds ratio. 42.24 % of the patients with 
ECMO died. Other comorbid conditions also had strong odds towards deaths, such as 
gastrointestinal and metabolic complications. These patients were twice as likely to die. None 
of the months stand out as being more meaningful or having a difference from the other 
months. February has the highest odds of death at .992. The lowest odds of death was May at 
.791.  
 A main idea to be taken from this analysis is that mortality has the least changes 
overall due to these different variables and that the demographic variables have little influence 
on surgical outcome. Another overall outcome is that West South Central is the worst region 
and New England and Mid Atlantic are the best regions for surgery. Also, overall the co-
morbid conditions have a very large impact on surgical outcome, especially ECMO. RACHS 
score also have an impact, RACHS 5 does not appear to be significant, most likely due to it 
being similar to RACHS 6 or just that are not enough data points. The order of complexity of 
the surgery is the order of the impact on outcome. Lastly, the months show seasonal variation 
on surgical outcome. February, January and December are the worst months, showing that 
early winter is the worst time of the year to have this surgery. June and July are the best 
months, showing that the beginning of summer is the best time of the year for having CHD 
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surgery.   The fall and spring months did not show very large difference from each other and 
falling in between winter and summer on surgical outcome.  
One theory behind why the recovery is longer in January and February is because that 
is a month in which many contagious viruses and diseases are spread. Having additional 
infections or issues with overall health, such as an influenza outbreak, will impact the 
recovery from surgery. For example February is a month well known for the flu [29]. A 
possible example of why December also had lower statistics may be that people do not want 
to be admitted to the hospital during the holiday season. This means that there would be much 
fewer elective surgeries and the surgeries that do occur would be emergency or possibly more 
serious. Therefore the more complicated surgeries take more recuperation time [27].These 
issues do not occur in those summer months of June and July. As well, these months are right 
when school aged children are finished with school for summer vacation. It is quite possible 
that many patents wish to wait for the school year to end to have their children have surgery. 
Therefore many of the surgeries done in those months would then be elective and that would 
imply that the children are of better health and therefore it is easy for them to recover from 
surgery. 
  While there is not a huge impact by having insurance, there is some impact that is not 
necessarily intuitive. There are many possibilities why patients with insurance would be in the 
hospital longer and why their treatment would be more costly. A theory is that patients who 
do not have insurance are pushed out of the hospital earlier than those who can pay for it. 
Medicaid has very complicated rules and hospitals do not want to end up paying for a 
patient’s treatment. Hospitals could be taking steps to reduce their cost for patients who do 
not have insurance [22].  
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 Other explanations for why different regions have different responses is that every 
region has different laws. For example, in the south it is much harder to get an abortion. This 
could mean that more babies with CHD are born, and therefore the fact that there are more 
problematic births could mean that there are more of the severe forms of CHD. The 
demographic and socioeconomics of the areas differ. Areas that have higher median incomes 
might have patients with access to better care. Those patients would have a better chance at 
life. Those patients may have the ability and willingness to spend more money, so their cost 
would be higher, because they can afford more. Perhaps other demographic information could 
be closely studied as regions of the US have very different populations. Those differences in 
populations could be causing the significance in outcomes. For example, the impact of race is 
a factor that many researchers study closely.   
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Further Research 
 There are many possible areas for future research with this study. There were no 
psychological factors included. If there had been data on number of family or friends visits 
and the type of emotional support that the patients received, the regression equations might 
have changed and could have produced different outcomes. There also were no demographic 
factors used. Race, class and other societal factors would have included more information 
about the patients’ environment and therefore could have led to a more complete picture of 
what impacts surgical outcome. Other unknown information was the experience of the doctor 
and the amount of work that the doctor and team of hospital workers had at the time of each 
patient’s surgery.  
 Other areas of further research would be ways to gain information regarding the 
regression outcomes that were unexpected. One way to understand more about how months 
relate to surgical outcome would be to speak to the surgeons who performed the surgeries. 
Interviews leading to qualitative data could answer questions regarding the typical schedule of 
the surgeons and how that varies by season.  
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APPENDIX A.  ACRONYMS  
CHD Congenital Heart Defects(Disease) 
CDC Center for Disease Control 
AHA American Heart Association 
RACHS Risk Adjusted for Congenital Heart 
Surgery 
PHIS Pediatric Health Information System 
ECMO Extra Corporeal Membrane Oxygenation 
(procedure that uses machine to do the 
work of lungs and heart)  
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Appendix B. Variables 
age  In years 
gender Male or female 
Payment type If the patient had 
insurance 
Hematologic or 
immunologic 
Co-morbid conditions 
malignancy 
ECMO machine  
respiratory 
renal 
neuromuscular 
gastrointestinal 
metabolic 
  Other congenital or 
genetic defects  
West south central 
Region of the USA 
South Atlantic 
New England 
Mid Atlantic  
East North Central 
West North Central  
Mountain 
pacific 
rachs1 
Risk Adjusted 
Congenital Heart 
Surgery score 1-6 
rachs2 
rachs3 
rachs4 
rachs5 
rachs6 
January 
       Month 
February 
March 
April 
May 
June 
July 
August 
September 
October  
November  
December 
 
Time of year affects surgical outcome of Pediatric Congenital Heart Disease 
Senior Capstone Project for Krystin Sinclair 
- 36  
 
Appendix C. RACHS categories 
 
RACHS category 1: 
 
1. Secundum ASD 
 
2. Aortopexy 
 
3. PDA (> 30 days of age) 
 
4. Coarctation (> 30 days of age) 
 
5. PAPVR repair 
 
 
 
RACHS category 2: 
 
1. Aortic valvuloplasty (> 30 days of age) 
 
2. SubAS resection 
 
3. Pulmonary valvuloplasty or replacement 
 
4. RV infundibulectomy 
 
5. RVOT augmentation 
 
6. Coronary fistula repair 
 
7. ASD & VSD repair 
 
8. Primum ASD repair 
 
9. VSD repair 
 
10. Tetralogy repair 
 
11. VSD closure with PA band removal 
 
12. Repair of unspecified septal defect 
 
13. TAPVR repair (> 30 days of age) 
 
14. Glenn shunt 
 
15. Vascular ring surgery 
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16. A-P window repair 
 
17. Coarctation repair (≤ 30 days of age) 
 
18. PA stenosis repair 
 
19. Common atrium closure 
 
20. LV-RA shunt repair 
 
 
 
RACHS category 3: 
 
1. AVR 
 
2. Ross procedure 
 
3. LVOT patch 
 
4. Ventriculomyotomy 
 
5. Aortoplasty 
 
6. Mitral valvuloplasty or replacement 
 
7. Tricuspid valvuloplasty or valvectomy or replacement 
 
8. Tricuspid valve repositioning (Ebstein’s) (> 30 days of age) 
 
9. Anomalous coronary artery repair with or without intrapulmonary tunnel (Takeuchi) 
 
10. Closure of semilunar valve (aortic or pulmonary valve) 
 
11. RV-PA conduit 
 
12. LV-PA conduit 
 
13. DORV repair with or without RV obstruction 
 
14. Fontan 
 
15. AVSD (complete or transitional) repair with or without valve replacement 
 
16. PA banding 
 
17. Tetralogy with Pulm. Atresia repair 
 
18. Cor triatriatum repair 
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19. Systemic-Pulmonary artery shunt 
 
20. Atrial switch operation 
 
21. Arterial switch operation 
 
22. Pulmonary artery reimplantation 
 
23. Annuloplasty 
 
24. Coarctation & VSD repair 
 
25. Cardiac tumor excision 
 
 
 
RACHS category 4: 
 
1. Aortic valvuloplasty (≤ 30 days of age) 
 
2. Konno procedure 
 
3. Complex defect (Single ventricle) repair with VSD enlargement 
 
4. TAPVR repair (≤ 30 days of age) 
 
5. Rastelli procedure 
 
6. Atrial switch with VSD closure 
 
7. Atrial switch with subpulmonary stenosis repair 
 
8. Arterial switch with PA band removal 
 
9. Arterial switch with VSD closure 
 
10. Arterial switch with subpulmonary stenosis repair 
 
11. Truncus repair 
 
12. Repair of … or interrupted aortic arch with or without VSD repair 
 
13. Unifocalization … Tetralogy-PA 
 
 
 
RACHS category 5: 
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1. Tricuspid valve repositioning for neonatal Ebstein’s (≤ 30 days of age) 
 
2. Truncus with Interrupted aortic arch repair 
 
 
 
RACHS category 6: 
 
1. Norwood operation 
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Appendix D. Regression Output for Length of Stay 
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Appendix E. Regression Output for Cost 
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Appendix F. Regression Output for Mortality 
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Appendix G. Transformed Data for Length of Stay 
 
Back transformed data for length of stay  
variable parameter 
estimate 
back 
transformation 
significant effect size 
intercept 3.25178 25.8362876 yes ----- 
age -0.03 0.970445534 yes -3% 
gender -0.02 0.980198673 yes -2% 
payment type 0.01 1.010050167 yes 1% 
hematologic or 
immunologic 
0.35671 1.42862151 yes 43% 
malignancy 0.37 1.447734615 yes 45% 
ecmo 0.79 2.203396426 yes 120% 
respiratory 0.86 2.363160694 yes 136% 
renal 0.46 1.584073985 yes 58% 
neuromuscular 0.445 1.560490196 yes 56% 
gastrointestinal 0.69 1.993715533 yes 99% 
metabolic 0.57 1.768267051 yes 77% 
other congential or 
genetic defects  
0.07 1.072508181 yes 7% 
West South Central 0.178 1.194825321 yes 19% 
South Atlantic -0.07 0.93239382 yes -7% 
New England -0.04 0.960789439 yes -4% 
Mid Atlantic -0.08 0.923116346 yes -8% 
East North Central -0.017 0.983143685 no -2% 
West North Central -0.1 0.904837418 yes -10% 
Mountain -0.06 0.941764534 yes -6% 
Pacific -0.022 0.978240235 no -2% 
RACHS1 -1.57 0.208045182 yes -79% 
RACHS2 -1.1 0.332871084 yes -67% 
RACHS3 -0.7 0.496585304 yes -50% 
RACHS4 -0.68 0.506616992 yes -49% 
RACHS5 -0.06 0.941764534 no -6% 
RACHS6 0 1 ---- ----- 
January -0.02 0.980198673 yes -2% 
February 0.00663 1.006652027 no 1% 
March -0.04686 0.954220979 yes -5% 
April -0.06 0.941764534 yes -6% 
May -0.08199 0.921281171 yes -8% 
June -0.11228 0.89379396 yes -11% 
July -0.108 0.897627596 yes -10% 
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August -0.07 0.93239382 yes -7% 
September -0.02 0.980198673 no -2% 
October  -0.05 0.951229425 yes -5% 
November  -0.04 0.960789439 yes -4% 
December 0 1 ---- --- 
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Appendix H. Transformed Data for Cost 
 
variable name parameter 
estimate 
back 
transformation 
significa
nt 
effect 
size 
intercept 11.725 123624.0025 yes --- 
age  -0.01 0.990049834 yes -1% 
gender -0.02 0.980198673 yes -2% 
payment type 0.02 1.02020134 yes 2% 
hematologic or 
immunologic 
0.37 1.447734615 yes 45% 
malignancy 0.26 1.296930087 yes 30% 
ECMO 1.11 3.034358394 yes 203% 
respiratory 0.66 1.934792334 yes 93% 
renal 0.35 1.419067549 yes 42% 
neuromuscular 0.358 1.43046562 yes 43% 
gastrointestinal 0.54 1.716006862 yes 72% 
metabolic 0.46 1.584073985 yes 58% 
other congenital or genetic 
defects  
0.05 1.051271096 yes 5% 
West South Central 0.3 1.349858808 yes 35% 
South Atlantic 0.09 1.094174284 yes 9% 
New England -0.066 0.936130864 yes -6% 
Mid Atlantic -0.246 0.781922225 yes -22% 
East North Central 0.168 1.182936611 yes 18% 
West North Central 0.061 1.062898914 yes 6% 
Pacific 0.2913 1.338165974 yes 34% 
Mountain -0.05 0.951229425 yes -5% 
RACHS1 -1.44 0.236927759 yes -76% 
RACHS2 -1.03 0.357006961 yes -64% 
RACHS3 -0.7 0.496585304 yes -50% 
RACHS4 -0.656 0.51892288 yes -48% 
RACHS5 -0.01 0.990049834 no -1% 
RACHS6 0 1 --- --- 
January -0.011 0.989060279 no -1% 
February 0.00141 1.001410995 no 0% 
March -0.05 0.951229425 yes -5% 
April -0.05 0.951229425 yes -5% 
May -0.07754 0.925390008 yes -7% 
June -0.09 0.913931185 yes -9% 
July -0.068 0.934260474 yes -7% 
August -0.04 0.960789439 yes -4% 
September -0.019 0.981179362 no -2% 
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October  -0.02 0.980198673 yes -2% 
November  -0.02 0.980198673 yes -2% 
December 0 1 --- --- 
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Appendix I. Odds Ratio for Mortality 
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FIGURE 1. GRAPH ON GENDER AND NUMBER OF PATIENTS 
 
Table of male and female, showing that there are more males than females.  
FIGURE 2. GRAPH ON AGE 
 
This graph shows the distribution of age.  
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FIGURE 3. NUMBER OF SURGERIES BY MONTH 
 
This figure shows that most months have very similar amount of surgeries.  
 
FIGURE 4. NUMBER OF SURGERIES PER RACH SCORE 
 
There is a large difference in the number of surgeries under each RACH category.  
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FIGURE 5. CORRELATION MATRIX 
 
 
This is a correlation matrix showing the rho values and any value that is not significant has 
been converted to gray. The darkest colors are with the variables being significant with 
themselves. This does not provide further information about these variables. 
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FIGURE 6. P VALUE CORRELATION MATRIX 
 
This is a correlation matrix showing the p values of the correlation. This shows that the co-
morbid conditions have more correlations than the other variables.  
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FIGURE 7. P VALUE CORRELATION MATRIX FOR ONLY SIGNIFICANT VARIABLES 
 
This is a correlation matrix showing the p values but any p value that is less than .05 are 
grayed out. This shows that the co-morbid conditions have the more significant correlations 
than the other variables do. 
 
 
 
 
 
 
Time of year affects surgical outcome of Pediatric Congenital Heart Disease 
Senior Capstone Project for Krystin Sinclair 
- 56  
 
FIGURE 8. CORRELATION MATRIX WITH ONLY SIGNIFICANT VARIABLES 
 
 
This is a correlation matrix for all variables showing correlations but with any insignificant 
correlations converted to gray.  
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FIGURE 9. RESIDUAL PLOTS FOR COST 
 
This plot shows how well the regression explains cost.  
FIGURE 10. GRAPH FOR COST 
 
This plot shows probability for cost based on percentile.  
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FIGURE 11. RESIDUAL PLOTS FOR LENGTH OF STAY 
 
This plot shows how well the regression explains length of stay.  
FIGURE 12.  Graph for length of stay 
  
This is a probability plot on length of stay showing percentiles.  
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FIGURE 13. Predictive plot for mortality regression  
 
 
 
 
This is a probability plot for mortatliy showing the number of data points for 0 and 1 on 
discharge mortality.  
 
 
 
 
 
 
FIGURE 14. Graph on Mortality and number of surgeries  
  
 
This graph on mortality shows that most patients do survive their surgery.  
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